The Maximum Entropy Principle (MEP) is a method that can be used to infer the value of an unknown quantity in a set of probability functions. In this work we review two applications of MEP: one giving a precise inference of the Higgs boson mass value; and the other one allowing to infer the mass of the axion. In particular, for the axion we assume that it has a decay channel into pairs of neutrinos, in addition to the decay into two photons. The Shannon entropy associated to an initial ensemble of axions decaying into photons and neutrinos is then built for maximization.
The Method of Maximum Entropy Principle
Among the biggest challenges of physics is to find an explanation for the values of the masses of the elementary particles. With the discovery of the Higgs boson at the LHC, and the measurements of its properties, we have now the experimental evidence that the mechanism of spontaneous symmetry breaking is effectively behind the mass generation for the elementary particles, as implemented in the Standard Model (SM). Although this represented an invaluable advance for understanding of subatomic physics, the spontaneous symmetry breaking mechanism in the SM does not determine the value of the masses of the elementary particles, except for the photon which is correctly left massless and all the neutrinos which are incorrectly left massless. It means that some still missing mechanism must supplement, or totally replace, the spontaneous symmetry breaking in order to allow a full determination of the masses of the elementary particles.
In particular, for the Higgs boson some ideas have arised relating its mass to the maximum of a probability distribution built from the branching ratios [1] , [2] . As observed in Ref. [1] a probability distribution function constructed multiplying the main branching ratios for the SM Higgs boson decay has a peak near to the measured value M H ≈ 125 GeV. This could be connected to some sort of entropy so that such a mass value maximizes, simultaneously, the decay probabilities into all SM particles. In the work of Ref. [2] we presented a development based on the Shannon entropy built with the Higgs boson branching ratios, showing that the value of the Higgs boson mass follows from a Maximum Entropy Principle (MEP).
In the following we present a short review of our MEP method to infer the mass of the SM Higgs boson. After that we also review an application of MEP for inferring the mass of the axion assuming a specific low energy effective Lagrangian [3] . 
Inferring the Higgs boson mass
Consider an initial state of N Higgs bosons that evolves, through decay, to a final state composed by many different particles as represented in Fig. 1 . After a time τ 1/Γ total the system transforms into a thermal bath of particles from the Higgs boson decays, according to its branching ratios
* , ZZ * , are the 14 main SM decay modes; and θ θ θ represents all the other predetermined parameters entering into the formula; Γ k (M H |θ θ θ) and Γ total (M H |θ θ θ) are the partial and the total Higgs boson widths, respectively. The probability that the N Higgs bosons system evolve to a given final state of a bath of Standard Model particles, defined by a partition of n 1 particles decaying into the mode 1, n 2 particles decaying into the mode 2, and so on until n m particles decaying into the mode m, is given by
in which i n i = N . We define the Shannon entropy [4] associated to the decay of the system of N Higgs bosons summing over each possible partition as
It can be shown, taking the asymptotic limit N → ∞ formula for S N [5] , that maximization of S N is equivalent to the maximization of
The expression in Eq. (3) is in fact the log-likelihood from the product of the branching ratios. Thus, we see as an outcome of MEP that the simultaneous maximization of the Higgs boson decays into Standard Model particles is equivalent to the maximization of the log-likelihood. Taking into account several sets of values within the experimental errors in the Standard Model electroweak parameters θ θ θ [6] , a gaussian probability distribution function, P H (M H ), is then fitted with the maximum solutions,M H , of S ∞ (M H |θ θ θ). The result is shown in Fig. 2 determined from MEP is almost identical to the latest experimental value M exp H = 125.09 ± 0.21 (stat.) ± 0.11 (syst.) GeV [7] .
Inferring the axion mass
We now review an application of MEP for inferring the mass of the hypothetical axion under two general assumptions. First, the axion can decay into pairs of neutrinos, in addition to the typical two photons decay channel. Second, the effective Lagrangian describing the axion field, A(x), interactions with the electromagnetic strength tensor, F µν , and neutrinos fields, ν i , is
where i = 1, 2, 3, and F µν = 1 2 µνσρ F σρ . The axion-photon and the axion-neutrinos couplings are defined in terms of the axion decay constant, f A , the fine structure constant, α, and the order 1 model dependent anomaly coefficients, C Aν , C Aγ , as g Aγ = α C Aγ /2πf A and g Aν = C Aν /f A . The effective Lagrangian in Eq. (4) can be derived from a kind of DFSZ axion model with the addition of right-handed neutrinos [3] . It can be seen that the axion branching ratios BR A→γγ and BR A→νiνi computed with Eq. (4) depend only on the ratio C Aν / C Aγ , the mass of the axion, m A , and the lightest neutrino mass, m 1 .
The neutrinos squared mass differences, ∆m −3 eV 2 [8] , assuming the normal hierarchy, enter as a prior information for the maximization of S(m A |m 1 , r ν ) = ln (BR 0 BR 1 BR 2 BR 3 ). Still, there is the bound on the sum of neutrinos masses 0.059 eV < i m i < 0.23 eV, from the measurements of cosmic microwave background anisotropies [9] , implying that 0 ≤ m 1 < 0.0712 eV.
It is shown in green on Fig. 3 the maximum points of the entropy S(m A |m 1 , r ν ). The boundaries given by the gray curves are defined by the largest (upper) and lowest (lower) allowed value of m 1 . For the DFSZ model with right-handed neutrinos the anomaly coefficients are such that r ν < 0.46 and the region beyond the red dashed line in Fig. 3 is excluded. Taking into account the astrophysical bounds from red giants [10] we obtain r ν < 0.034, excluding the region beyond the green dashed line in Fig. 3 , and this implies that 0.1 eV < m A < 6.3 eV.
A more strong inference can be made maximizing the entropy as being a function of three unknowns, i. e., S ≡ S(m A , m 1 , r ν ). In this case we have a more sharp prediction of 0.1 eV < m A < 0.2 eV, which is represented with the blue line in Fig. 3 .
Finally, supposing that the axion can decay only into a pair of the lightest neutrino the inference made with MEP is a linear relation between m A and m 1 , with the proportionality coefficient depending on r ν .
